Large-scale annotation of sets of proteins is a frequently occurring task in association with genome sequencing projects. Here, we present an automated platform for the functional annotation of large sets of protein sequences. Various bioinformatics tools are used to achieve a comprehensive description of protein sequences and to link these results to standard Gene Ontology descriptors for molecular function, biological processes and cellular components. Access to the annotation is provided via a web-interface and database queries. These interfaces allow to formulate proteome wide queries as well as the investigation of details of individual results. WILMA annotations of the proteomes of Homo sapiens, Mus musculus, Arabidopsis thaliana and Caenorhabditis elegans are accessible at http://www.came.sbg.ac.at/wilma/ Contact: sippl@came.sbg.ac.at
Genome sequencing projects produce large sets of uncharacterized protein sequences. For the analysis of these sequences, annotation pipelines are required that are capable of (1) the integration of various types of biological data derived from different sources, (2) the management of large amounts of data, (3) frequent updates with new versions of public databases and (4) extendibility towards the integration of new data sources.
Various systems are available that provide annotations of DNA or protein sequences. ENSEMBL produces and maintains automatic annotation on eukaryotic genomes (Hubbard et al., 2002) . It provides gene predictions that have been integrated with external data sources. PEDANT is a software system for completely automatic and exhaustive analysis of protein sequence sets-from individual sequences to complete genomes (Frishman et al., 2001) . InterPro provides an integrated view of common signature databases . SWISSPROT is a protein sequence database providing a * To whom correspondence should be addressed. collection of knowledge that is largely based on curation by experts (Boeckmann et al., 2003) . GOA (2003, http://www.ebi.ac.uk/proteome/goa/goaHelp.html) is a project of EBI to assign Gene Ontology (GO) (Ashburner et al., 2000) terms to gene products in various databases.
Each of these annotation systems is designed for special purposes. In order to annotate sets of protein sequences, we needed a system that integrates standard bioinformatics tools, stores results in a database, provides a scripting environment to interact with the data from an application level and allows to present results to users via a graphical interface. In addition, it should be able to deal with different types of data, be easily extendible with new methods and adaptable for different purposes. WILMA is an automated platform for the annotation of protein sequences, that addresses these requirements and which is specifically designed to identify interesting candidate proteins within large sets of sequences and to provide detailed descriptions of the targets. Experimental information can be added on demand. WILMA is capable to annotate thousands of proteins in a short time. Using GO a consistent query system is provided to identify all sequences related to specific biological descriptors.
WILMA provides an implementation that integrates publicly available databases and methods to calculate annotation data for protein sequences in an automated way. The original and derived data are integrated into a relational database system. Access to the data is provided via a browser or using a scripting interface.
Various bioinformatics methods are selected which are state of the art and allow automated annotations on a typical desktop computer system. The primary sequence databases integrated are WORMPEP (2002, http://www.sanger.ac.uk/Projects/ C_elegans/wormpep/), IPI (2002, http://www.ebi.ac.uk/IPI/ IPIhelp.html) and SWISS-PROT , including the sets of proteins for Arabidopsis thaliana and Mus musculus as available from Proteome Analysis@EBI (2002, http://www.ebi.ac.uk/proteome/). The set of protein sequences of a genome are linked to the secondary databases PROSITE (Hofmann et al., 1999) , BLOCKS (Henikoff et al., 2000) , PFAM (Bateman et al., 2000) , SMART (Schultz et al., 2000) and PRINTS (Attwood et al., 2000) using the methods RPS-BLAST (Altschul et al., 1997) , PROSITE scans, BLIMPS, FingerPrints and BLAST sequence searches. Transmembrane regions are predicted by a hydrophobicity profile method (Domingues and Krallinger, unpublished data). It is easy to extend this inventory of tools and to integrate new techniques. An automated annotation system is depending on the quality of the calculated data. In order to prevent false positive results several precautions are taken. For example, regions of low complexity are masked in all sequences. For the BLOCKS database unspecific signatures are filtered out and are not applied. PROSITE patterns, that show false hits to unrelated proteins according to the PROSITE documentation, are rejected. Nevertheless, individual signatures may produce false positives, which is a problem of the secondary databases employed. The definition of such signatures needs to be revised. The data and queries integrated in WILMA support the identification of such patterns.
WILMA is optimized for the identification of all members of various protein families. Rather than searching for imprecise keyword matches in sequence descriptions of blast hits, GO enables the identification of sequences on several levels. The mapping of GO terms to the proteins is obtained by using the GO to InterPro link which is available by the GOconsortium (Ashburner et al., 2000; Gene Ontology, 2002, http://www.geneontology.org) and the link from InterPro to secondary databases, as provided by EBI . Signatures that are linked to GO through this mappings are used for the position-dependent assignment of GO terms to protein sequences. This enables a domain-based analysis of protein sequences which is difficult to derive from other sites.
The graphical display provides an overview of all biological terms defined by GO. Biological descriptors are grouped into the three main categories, molecular function, biological process and cellular component. For every descriptor it is possible to identify protein sequences that contain related domains and to investigate results in detail. The machinery to annotate the protein sequences and to link these to GO is called 'GO_CAME'. For the human proteins the GO_CAME annotations are integrated with the annotations provided by GOA (2003, http://www.ebi.ac.uk/proteome/goa/ goaHelp.html).
The Gene Ontology Annotation Guide is designed for the annotation of whole gene products, but not for individual domains, motives or repeats along the sequence of a gene product. Therefore, we use a file format that is based on the GO standards, but extended to provide localization of subsections of sequences.
WILMA is currently used in collaborations to characterize and annotate specific sets of protein sequences and families. It is straightforward to annotate other sets of proteins. The WILMA annotations of Homo sapiens, M.musculus, A.thaliana and Caenorhabditis elegans are available at http://www.came.sbg.ac.at/wilma/.
